The main aim of this study was to investigate the phenotypic correlation of yield component traits using several environmental stratifications methods. We also aimed to propose cause and effect of relationships for grain yield components in soybean genotypes under several environmental conditions. The tests were conducted in the agricultural year of 2013/2014 in four growing sites in Rio Grande do Sul, Brazil. The experimental arrangement was randomized blocks in factorial scheme (11 x 4), consisting eleven soybean genotypes in four environments with four repetitions each. All the growing environments Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS were classified as favorable for soybean cultivation. The traits such as total number of pods per plant, number of branches and number of pods with 2-3 grains showed significant linear correlations with grain yield in both methods of analysis. The path analysis was applied under favorable and unfavorable environments to accurately estimate the direct and indirect effect of traits on soybean grain yield. The mass of a thousand grains and plant height were highly associated with grain yield but mostly influenced by environmental effects. The total number of pods should be prioritized for selecting superior soybean genotypes due to its direct and indirect effects on grain yield. It has shown constant in all environmental conditions. The direct effects of number of branches and number of pods (with one grain) presented distinct effects on yield in favorable and unfavorable environments.
Introduction
The yield of soybean (Glycine max (L.) Merrill.) is a complex character, depending on the genotype and the growing environment known as genotypes x environments (G x E) interaction, especially when grown in more than one environments. The genotype x environment interaction consists of the differential performance of genotypes due to changes imposed by environments. In the other words, the response of each genotype is specific and different from another due to environmental changes (Carvalho et al., 2002) . Being a complex trait of low heritability influenced by others, the environmental effects are even clearer.
Grain yield components may influence productivity directly and indirectly; therefore, changes in a given trait have a direct function on yield or on another trait associated with it. The traits that strongly associated with soybean grain yield correspond are the number of pods per plant, number of grains per pod and the mass of one thousand grains (Carvalho et al., 2002) .
In order to understand and identify the associations between traits, linear correlation can be used. Linear correlation coefficients based on the phenotype indicate the linear phenotypic association between two characters .
The existence and identification of the degree of correlation between traits are of fundamental importance for breeders, because improving a specific trait may cause simultaneous changes in another trait. It allows the use of indirect selection, if traits show high heritability (Falconer, 1981) . The most common way to express linear correlations between two characters is the Pearson's linear correlation coefficient, which consists of the ratio of the two-variable joint variance known as covariance and the product of their respective standard deviations .
The interpretation of a linear correlation magnitude and meaning is of great importance; however, it can result in misunderstandings in the selection strategy due to the possibility of a third trait or a group of traits present an indirect effect on this dependent trait (Carvalho et al., 2002; Cruz et al., 2012) . Thus, Wright (1921) proposed the path analysis, which consists in the study of direct and indirect effects of traits on a dependent trait, obtaining these estimates through multiple regression equations. Thus, it is possible to deploy linear correlations into cause and effect estimates, and to apply indirect selection in less complex characters with greater heritability and easy measurement, leading to greater genetic progress, compared to the use of direct selection (Ramalho et al., 2012) . Path analysis is widely used in soybean, in studies conducted by Shukla et al. (1998) , Carvalho et al. (2002) ; Nogueira et al. (2012) ; Perini et al. (2012) , Carvalho et al. (2015) and Szareski et al. (2015) . The growing environment has great effect on phenotype expression; therefore, environmental characteristics can be the causes of correlation, once two traits are differently influenced by environmental conditions. Thus, environmental characteristics affect traits through different stimuli of physiological mechanisms (Falconer, 1981) . However, in environments of similar conditions, the tendency is that correlations present similar direction and magnitude. In order to identify the existence of similar environmental patterns, some stratification analyzes can be used (Mendonça et al., 2007) . Using the stratification, it is possible to minimize the effects of genotype x environment interactions, because within each group of similar environments, the performance of the genotypes is constant and the interaction becomes non-significant (Ramalho et al., 1993) .
The environmental stratification method proposed by Carneiro (1998) and implemented by Annicchiarico (1992) , consists of the decomposition of the environmental index for favorable and unfavorable environments, being the environmental index defined as the difference between the average of the genotypes in each environment and the general average. Thus, indexes greater than or equal to zero indicate favorable environments, and negative indexes reveal unfavorable environments (Schmildt and Cruz, 2005) . The analysis of factors is a model based on the multivariate technique and has the principle of formation of a matrix of factorial loads from the rotation of the factors (Carvalho et al., 2012) . The application of this method results in the formation of sub-groups of environments based on the environmental indexes (Ij). Then, the environments are classified as favorable, when they present positive values and unfavorable when the value is negative . In addition, positive factor loads greater than or equal to 0.7 indicate environments with high correlations within each factor, being possible to establish groups. Loads with magnitudes between 0.5 and 0.7 do not accurately define the formation of groups of environments, and magnitudes below 0.5 indicate the impossibility of forming groups of similar environments (Johnson and Wichern, 1992) .
Genotype x environment interaction influences the direct and indirect effects of traits associated with yield (Carvalho et al., 2002; Nogueira et al., 2012) . Thereby, certain effects may be inflated when the phenotypes are jointly analyzed. In contrast, other effects can be masked because of the environmental characteristics. Thus, the most precise estimates are derived from the individual analyzes of each environment. However, this may increase the number of analyzes and the time required for interpreting the results.
As breeders seek the study of several environments simultaneously, they can classify them as favorable and unfavorable. In this sense, the stratification methods can both select and infer the relationships between traits considering more environments. The environmental stratification methods tend to group similar environments, where the genotype responses are more constant and they do not contribute interaction or reveal minimal effects. It would be possible to group these environments to deploy the correlations into estimates of direct and indirect yield component effects through path analysis.
Thus, the aim of this study was to investigate phenotypic correlations consistency using function of the environmental stratification method, and to propose cause and effect relationships based in the environmental stratification for grain yield components in soybean genotypes.
Results and Discussion

Analysis of variance
The joint variance analysis revealed significant interaction between genotypes and environments for the traits grain yield (GY), mass of a thousand grains (MTG), plant height (PH), first pod insertion height (FPIH), number of ramifications (branches) (NR) number of one-grain pods (NOGP), number of two-grain pods (NTWOGP), and number of three-grain pods (NTGP) ( Table 2) . Therefore, the occurrence of interaction indicates that relative genotypes behavior was differently influenced by environmental conditions in each location (Silva and Duarte, 2006) . Thus, the traits response is conditioned to each environment. In this case, extrapolation for all environments is not recommended. Therefore, it is necessary to determine the performance for each environment individually or jointly with all similar environments. According to Mendonça et al. (2007) , the occurrence of significant genotype x environment interaction justifies the environmental stratification to exploit the favorable environmental stimuli for the genotypes.
Grouping of growing environments by the method of Annicchiarico (1992)
One of the ways to minimize the genotype x environments interaction is stratifying the environments to identify which environment is more similar according to phenotypic performance of genotypes (Ramalho et al., 2012) . Environmental stratification of growing environments based on grain yield through the method of Annicchiarico (1992) classified the environments Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS as favorable (Table 3) , once they revealed positive environmental indexes and plot grain yield of average above the experiment general average (1211.79 g). The growing environment of Independência-RS presented negative environmental index and yield average inferior to the general average, being classified as unfavorable for cultivation of the soybean genotypes.
The result of factor analysis is presented on Table 4 . The environments Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS were grouped by factor 1, because these environments presented factorial loads of 0.779; 0.920 and 0.737, respectively (Table 4) . According to Johnson and Wichern (1992) , the positive factorial loads (higher or equal to 0.7) indicate environments with elevated correlation and similar among one another. Besides, the observed environmental indexes were positive for these three environments, followed by elevated communality; thereby, classifying the environments as favorable. The second factor for the environment Independência-RS showed factorial load of 0.938; however, there was no grouping with the other environments, suggesting that this environment is isolated and has negative environmental index and classification as unfavorable. Thus, the results for environmental classification as favorable and unfavorable, and similarity degree were consistent. Such results are satisfactory and important for coherent environmental indication. Study conducted by Mendonça et al. (2007) , concluded that environmental stratification achieved through factor analysis is more selective than the traditional method of Lin. The results obtained through Annicchiarico's method and factor analysis for environment stratification were similar, once they revealed the same grouping pattern and similarity for the environments. Therefore, for both methods, the environments Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS influenced similarly and positively on productive behavior of the tested genotypes, suggesting that the interaction effect was reduced to non-significant, evidencing no differences among environments. Thus, it is assumed that effects of primary and secondary grain yield components are also constant in these conditions. On the other hand, in Independência-RS, the genotypes presented specific behavior, due to the conditions they were subjected, being unfavorable for expressing the grain yield trait. Pre-supposition to explain and authenticate favorable and unfavorable environment conditions on yield components may be measured and corroborated based on phenotypic correlations.
Pearson's linear correlation for joint analysis of environments (joint)
The phenotypic correlations indicate the linear dependence between two traits, considering that genotypes may be modified physiologically and morphologically according to the conditions imposed by the growing environment (Mauad et al., 2010) . The Pearson's linear correlation was affected for nine grain yield-related traits and revealed 36 associations, of each, 30 were significant in the joint analysis (method I). The stratification between favorable and unfavorable environments (method II) revealed 31 significant associations for favorable environments, and 22 significant associations for unfavorable environments (Table 5) . Thus, the environmental edaphoclimatic conditions influenced the phenotypic associations between these traits, evidencing that the favorable conditions for development of soybean plants contribute to increment of significant associations, when compared to joint analysis.
In the stratification of linear associations for growing environment (method III), the environment Independência-RS showed 22 significant linear associations. The environment Tapera-RS showed 19 significant correlations. In Derrubadas-RS, 22 significant associations were observed, and in the environment Frederico Westphalen-RS, 15 significant associations (Table 6 ). Based on the number of significant phenotypic associations, it is possible to highlight that, even in the environments grouped as favorable, the correlations between pairs of traits do not reveal the same linear tendency. Thus, even in regions where grain yield is stable in genotypes as function of the environment, modifications in the associations between traits are observed due to alterations in morphologic and physiologic response of plants. In addition, this result may be due to the higher pairs of covariances attributed to lower deviations .
In the joint correlation analysis (method III), greater importance will be given for significant correlations between the pairs with grain yield, considering the trait nature and agronomic importance, and for the pairs of correlations that remained significant for the three evaluation methods.
Pearson's linear correlation for individual growing environment
The joint analysis of stratification in favorable and unfavorable environments and stratification for environment (Independência-RS, Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS), the grain yield (GY) revealed positive associations with intermediate to strong magnitudes with total number of pods per plant (TNP), number of ramifications (NR), number of two-grain pods (NTWOGP), and number of three-grains pod (NTGP) ( Table 5  and Table 6 ). Thus, there is a tendency that grain yield may be increased due to the raise in number of ramifications, since the increment in these structures favors the development of reproductive structures, where the pods are formed, and consequently increasing the number of pods per plant. Once these pods contain by two or three grains, number of grains per plant and consequently, grain yield will rise. This result corroborates with Perini et al. (2012) and Nogueira et al. (2012) which revealed that soybean plant with indeterminate growth habit exhibited a high correlation of grain yield with the total number of pods and grains per plant.
The modification of the correlations between the same characters due to the growing environments suggests that secection of soybean genotypes based on yield traits will be efficient if performed in the environment of adaptation of the genotype (Nogueira et al., 2012) . Thus, grain yield revealed positive and intermediate associations with mass of thousand grains in the joint analysis (method I), stratification of favorable environments (method II), and in environments Tapera-RS and Frederico Westphalen-RS (method II). The low and impertinent occurrence of significant correlation between grain yield and mass of a thousand grains may be explained by the compensation promoted by soybean plants, increasing or reducing grains size in function of the number of pods, where they are developed (Taware et al., 1997; Carvalho et al., 2002) .
The phenotypic correlation between grain yield and plant height was significant only for joint analysis, and for the environment Derrubadas-RS, revealing intermediate and positive magnitudes. As a result, this trait cannot be prioritized for selecting superior genotypes due to its instability to the environmental changes. In addition, the joint analysis was tendentious to reveal the actual phenotypic correlations between plant height and grain yield. Study conducted by Nogueira et al. (2012) , demonstrated a significant change in the magnitude and direction of correlation between plant height at maturity and grain yield as a function of two sowing times.
The grain yield showed a positive and intermediate association with the number of one grain pods in the joint analysis (method I), and in the favorable environment (Method II). For the other forms of stratification, no significant differences were observed. A probable explanation for this modification is the edaphoclimatic factors in each environment, which results in genotype x environment interaction. In addition, non-significant correlation coefficients between the characters do not imply a lack of correlation, but they express the absence of a linear relationship between them .
In joint analysis, stratification of favorable and unfavorable environments (Independência-RS, Tapera-RS, Derrubadas-RS, Frederico Westphalen-RS), the total number of pods per plant revealed positive associations of intermediate to very strong magnitudes with number of ramifications, number of one-grain pods, number of two-grain pods and number of three-grain pods (Table 5 and 6) . Therefore, when the total number of pods per plant increased, there was a tendency to increase the number of pods with one-and two-grain, since the production of photoassimilates by the plant must meet the need imposed by the greatest number of drains. Similar results were found by Pipolo et al. (2005) , which concluded that plants with higher number of pods with two grains showed higher number of pods per plant and, consequently, higher grain mass per plant.
The trait number of ramifications revealed intermediate to strong positive associations with number of two-grain pods and number of three-grain pods. In this way, the number and size of the ramifications provide an increase in the number of buds, forming reproductive structures, increasing the number of fertile nodes in the plant. The number of pods contributes to increase grain yield (Rambo et al., 2003) . The results corroborate with Szareski et al. (2015) , who evidenced strong and positive correlation between number of ramifications per plant and number of pods with two-and three-grain and grain yield.
The plant height presented positive and strong phenotypic correlation with first pod insertion height. Therefore, the elevation of plant height tends to increase the height of first pod insertion, since tall plants have a denser canopy and restrict the interception of photosynthetically active radiation in the lower parts of the plant. This causes the increase of the self-shadowing, resulting in senescence of leaves and abscission of reproductive structures, raising the height of the first viable legume (Casaroli et al., 2007) . According to Miranda (1998) , the soybean ideotype should present lower first pod insertion height and higher plant height, as it increases the number of nodes per plant and consequently the formation of reproductive structures. In the same way for methods I, II and III, the trait number of one-grain pods showed a positive and strong correlation with number of two-grain pods. Similar results were observed by Carpentieri-Pípopo et al. (2005) , where the positive associations between these characters occurred for 34 soybean strains. However, the increase in the number of one-grain pods is not desirable for grain yield. Therefore, preference is given to soybean genotypes with three-grain per pod (Navarro Junior and Costa, 2002) .
The first pod insertion height revealed intermediate and negative association with number of two-grain pods. A similar result was obtained by Szareski et al. (2015) , where strong and negative correlation between the first pod insertion height and the number of pods with two grains was observed. The interpretation of the magnitude of a phenotypic association may result in erroneous conclusion, since a high correlation between two characters may be due to the indirect effect of other characters, being necessary to deploy the linear tendencies in direct and indirect effects of each character, also considering the growing environments (Carvalho et al., 2002) . Some characters are less influenced by environmental effects. They do not alter their behavior facing modifications imposed by the environment, indicating applicability for indirect selection. Thus, the study showed that the direct effects of mass of a thousand grains, total number of pods, number of two grains pods, and number of three grains pods remained constant and positive in both stratification methods (Table 7) . Studies by Iqbal et al. (2003) , and Nogueira et al. (2012) observed that the greater direct phenotypic effects on grain yield were evidenced for number of pods per plant, mass of one hundred grains, and number of grains per pod. Therefore, these characters should be prioritized for selection of superior soybean genotypes due to the stability of response in different environmental conditions.
Direct and indirect phenotypic effects for joint analysis of environments (joint), environmental stratification (FVEV and UFEV) and for environments
It was observed that mass of thousand grains had indirect negative effects on the total number of pods per plant, number of two-grain pods and number of three-grain pods. On the other hand, for total number of pods per plant, there were negative indirect effects with the mass of a thousand grains, and positive with the number of two-and threegrain pods. The results corroborate with Santos et al. (1995) and Nogueira et al. (2012) which presented negative indirect effects through the total number of pods on the mass of thousand grains.
The number of two-grain pods presented positive indirect effects with total number of pods and number of threegrain pods, and indirect negative effect with the mass of a thousand grains. The number of pods with three-grains was influenced by indirect effects of the mass of a thousand grains and the total number of pods. Thus, it is believed that the total number of pods presented the most direct and indirect influence on grain yield. This result corroborates with Board et al. (1997 ), Mohammand et al. (2010 and Alcantara Neto et al. (2011) , where they verified that the number of pods per plant is determinant for grain yield components, since it presents greater direct effect on yield and indirect effect on other primary and secondary yield components.
The direct effects of number of ramifications and number of one-grain pods on grain yield were positive in the joint analysis and in the favorable environments (Table 7) . However, the direct effects of these traits are negative in the unfavorable environment (Method II). Regarding the indirect effects acting on these traits, it is observed that both were indirectly influenced by the total number of pods per plant, number of two-and three-grain pods. Thus, the sense alteration of direct effects of these traits due to edaphoclimatic conditions for genotypes development corroborates with the need to investigate these effects separately. Therefore, environmental stratification is efficient to infer the selection strategies more accurately, since environments classified as favorable maintained their constant effects.
The direct effects observed for the plant height and first pod insertion height on grain yield did not maintain steady pattern of behavior. Thus, in the stratification of favorable environments, the environments that included in this group revealed effects of different magnitude and direction (Table  7) . Therefore, these traits suffer greater influence of genotypes x environments interaction and the joint analysis does not indicate accurate inferences about their effects. On the other hand, the indirect effects that influenced these traits remained constant, being the mass of a thousand grains responsible for positive effects, and the total number of pods per plant with first pod insertion height. The indirect effects of other traits barely contributed to the main trait, and the best selection strategy should consist of traits with significant indirect effects . With the results achieved in this study, it can be inferred that the applicability of path analysis based on environmental stratification may minimize the effects resulting from genotypes x environments interactions on the cause and effect relations of soybean. Then, the number of analyzes may be reduced, keeping the precision and efficiency of the information. It allows the breeder to outline strategies and indirect selections that are more efficient and weighted by growing environment effects, increasing the probability of selecting soybean genotypes superior to the traits of agronomic interest.
Materials and methods
Plant materials
The tests were conducted in the agricultural year of 2013/14 in four growing sites in Rio Grande do Sul, Brazil (Table 1) . The environments used in the study satisfied the main soybean production areas of Rio Grande do Sul.
Experimental design and experimental procedure
The experimental arrangement adopted was randomized blocks, in factorial scheme (11 x 4), including eleven soybean genotypes in four environments, assigned in four repetitions. The environments and location of study were Independência-RS, Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS. The genotypes used were: Nidera 5445 IPRO, CCGL 6029 IPRO, Don Mario 6458 IPRO, Brasmax 6160 IPRO, Coodetec 2611 IPRO, Nidera 6211 RR, CCGL S13/03 RR, Don Mario Apolo RR, Brasmax Alvo RR, Coodetec 2585 RR and TMG 7161 RR. All used genotypes are of undetermined growing habit and maturation group ranged from 5.3 to 6.3.
The plots were sown between November 15 th and 19 th of 2013. Sowing was manually done, after opening of grooves with the tractor-seeder assembly, with 300 kg ha -1 of N-P 2 O 5 -K 2 O in the formulation 02-25-25 as base fertilization. The criteria for density and sowing timing were established according to technical recommendation for each genotype, being the same criteria attended for sowing time and soy macro-region.
The experimental unity (EU) was constituted of five lines of three meters length, spaced 45 centimeters. Two lines were used as borders, and 0.5 meters of each experimental unity extremity were discarded to minimize border effects. The EU had useful area of 2.7 square meters. After physiologic maturation, 10 representative plants were randomly sampled and the yield components were measured.
Traits measured
The evaluated traits were: plot grain yield (GY): Measured from mass of grains per plant, pondered by number of plants in the plot useful area, with humidity corrected to 13%, obtaining the mass of grains per plot, with results expressed in kg plot 
Statistical analysis
The data was subjected to the variance analysis through the F-test with p ≤ 0.05 of probability. Previously the variance analysis, pre-suppositions of the statistic model was individually verified for each variable. This way, the method I considered the joint analysis of all environments, method II, the environmental stratification (favorable and unfavorable environment), and method III, the stratification for environment (Independência-RS, Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS). In the presence of significant interaction between genotypes and growing environments for the plot grain yield, the environmental stratification was made through the methods of Annicchiarico (1992) and analysis of factors (Johnson and Wichern, 1992; .
The Pearson's liner correlation coefficients were also estimated and the coefficient magnitudes were classified according to Carvalho et al. (2004) . Values equal to 0.00 correspond to null correlation; correlation from 0.00 to 0.30: weak; correlations from 0.30 to 0.60: intermediate; correlation from 0.60 to 0.90: strong; correlation from 0.90 to 1: very strong. Intending to deploy linear coefficients in cause and effect associations, path analysis was performed. In preceding path analysis, it was affected the multicollinearity diagnostic of the matrices of correlations based on their number of conditions (NC) correspond to the ratio between bigger and lower matrix eigenvalue according to Cruz et al. (2012) . Thus, results for both tested matrices revealed collinearity of moderate to strong, considering that the number of conditions showed an interval from 100 to 1000; therefore, classifying the multicollinearity as moderated to strong (Montgomery and Peck, 1981) . As diagnostic for presence of multicollinearity, the k constant was introduced to the X'X matrix diagonal, which consists in a small quantity added to the diagonal elements of the X'X matrix. The k value used was established as the smallest value capable of stabilize most path analysis estimators (Carvalho et al., 1999) .
For path analysis estimates, grain yield per plot was considered as dependent trait and the other traits such as mass of a thousand grains, plant height, first pod insertion height, total number of pods, number of ramifications, number of one grain pods, number of two grains pod, number of three grains pods were considered as primary variables or explainable. Thus, the deployment of correlation between the dependent trait and the explainable were affected, according to Cruz et al. (2004) . The analyses were realized through the software Genes (Cruz, 2013) .
Conclusion
The growing environments Tapera-RS, Derrubadas-RS and Frederico Westphalen-RS were classified as favorable for soybean cultivation. The traits total number of pods per plant, number of ramifications, number of two-and threegrain pods showed significant linear correlations with grain yield in both methods of analysis. The stratification applied for path analysis and groups of favorable and unfavorable environments was efficient to estimate accurate direct and indirect effects for soybean grain yield. The mass of thousand grains and plant height associated with grain yield were more influenced by growing environmental effects. Total number of pods should be prioritized for selecting superior soybean genotypes due to its direct and indirect effects on grain yield, as it was constant in both environmental stratification methods. Direct effects of number of ramifications and number of one-grain pods on grain yield present distinct senses in favorable and unfavorable environments.
